The stars of spectrum class B, with their great intrinsic luminosities, furnish a means of testing the transparency of space. The present work grew out of a conversation in the autumn of 1930 with Dr. R. J. Trumpler, who afterward kindly furnished us with a list of B-stars which promised to reveal some of the space reddening which he had found in a study of open clusters.' The observing list finally grew to include all stars north of declination -15°, brighter than visual magnitude 7.5, and of classes BO to B5 in the Draper Catalogue, about 700 objects. When a revised classification by Plaskett and Pearce2 and others became available it was found that a considerable number of 0-stars as well as some of spectra as late as B8 to B9 had been included.
The method was the same as has already been described for the globular clusters.3 With a photoelectric cell attached to the 15-inch refractor at Madison, each object was measured through two filters, which with the cell used have effective sensitivities at wave-lengths 4200 A and 4700 A, giving a difference in color-index between A0 and KO of 0.74 mag. This value is just one-half the 1.48 mag. of Seares's visual-photographic scale for giant stars. Our calibration is based upon more than one hundred stars of spectra A to K in galactic latitude greater than 100. The normal colors of B-stars were taken as the means of stars brighter than visual magnitude 6.0, and more than 150 from the galactic equator. Some of these standard objects may be appreciably affected by space reddening, but the effect is not serious. Color-excesses of B-stars.
We are indebted to Dr. Edwin P. Hubble for his unpublished determination of the zone of avoidance of extra-galactic nebulae, based upon a survey of many thousand objects at Mount Wilson. The irregular con-tours marked in figures 1-3 show the region near the galactic equator within which no such nebulae are found, presumably because of the obscuring effect of dark material in our own galaxy. The boundaries are somewhat indefinite; the nebulae are most numerous near the galactic poles, and at any longitude they decrease toward the equator until a limit is reached beyond which no such objects are photographed. Within the zone of avoidance there are several small regions where Hubble finds a few nebulae, and two such "holes" are marked at latitude -6°, longitudes 1600 and 1700. The pole of the galaxy is adopted at right ascension 12h 4474, declination +26°8 (1900).
We have distributed the colors of the B-stars according to shells of increasing distance from the sun, using mean absolute magnitudes, but this procedure is hampered by the rather large dispersion of the absolute magnitudes within each sub-class of spectrum. It is more satisfactory to chart the objects according to color and independently of magnitude or distance, as has been done in figures 1-3.
These figures will be discussed in detail in a more extended publication, but a number of main features are obvious. We call the observed colorexcesses from -0.05 to +0.05 mag. as normal, +0.06 to +0.10 as suspicious and greater than +0.10 as definitely colored. On this basis the normal stars in figure la are well distributed and extend to high latitudes, while the colored objects, figures lc, 2a, 2b, are practically all within the zone of avoidance of the nebulae, the reddest stars being close to the galactic equator. Color-excesses of globular clusters near the center of the galaxy.
obvious that the assumption that the clusters are all this side of the nucleus increases again the inferred size of the galaxy, perhaps doubling the diameter.
Because of the dispersion in their intrinsic mean colors it is not feasible. to derive individual distances from the color-excesses of the globular clusters, as is perhaps possible for the B-stars. Moreover, it is by no means clear that all of the space absorption is indicated by the selective scattering, which would be due only to particles small in comparison with the wave-length of light. Van de Kamp has made a series of attempts to correct the distances of the globular clusters on the basis of a uniform absorbing layer near the plane of the galaxy. In his last paper4 the optical thickness of 0.8 photographic magnitude is adopted, which gives a reducing factor of 30 or more for the distances of clusters in low latitude. When his positions in space are charted to scale for the clusters near the nucleus in our figure 3, it is evident that while van de Kamp is on the right track his corrections are still far from final. Instead of being condensed into something like a spherical region of space, the clusters are drawn out in a line between the sun and the nucleus, showing that the distances are still doubtful. The difficulty probably comes from the assumption of a uniform absorption at all longitudes, whereas toward the nucleus it would be natural to expect an increase in density of both dark and luminous material. As previously noted, the increase of the dark material is shown in figure 2c .
As a test of another character we have compared our colors with the intensities of the interstellar calcium lines for several hundred stars listed by Plaskett and Pearce,5 but there seems to be no correlation whatever between color-excess and calcium intensity. This result confirms that of Elvey and Mehlin6 from about fifty stars in a region in Cepheus. As they point out, the space reddening cannot be due to material which is coextensive with the calcium atoms. The apparently complete independence of the calcium absorption and the space reddening is a matter for further investigation.
It is well known that the assumption that the space reddening of stars is caused by selective scattering of light from small particles leads to a great calculated mass of the material concerned. The problem has been studied by Pannekoek,7 Eddington8 and others. They were troubled by the high mass given by a limited absorbing region in Taurus, less than 2000 cubic parsecs in volume, but now we have the whole mid-galactic layer filled with stuff and in a volume probably millions of times greater than the space in Taurus. In the present state of the observational evidence it is premature to give any exact figures, especially as the amount of absorption in addition to that accompanied by reddening is still very doubtful. For illustration, however, we consider the total scattering of the dark layer in the direction perpendicular to its plane to be of the same order as the scattering of the earth's atmosphere. The air molecules which we look through at the zenith add up to 1000 grams per square centimeter. With this mass per unit of cross-section and a circular diameter of 30,000 parsecs (1 parsec = 3 X 1018 cm.), the total-for the layer comes out 6 X 1048 grams or 3 X 1015 times the mass of the sun. As shown by Schoenberg,9 the number of solid particles required to produce the same scattering would be much smaller, perhaps by a factor of 3 X 106 giving a mass of 109 suns, to be multiplied, however, by the ratio of the mass of the average solid particle to that of an air molecule. On dynamical considerations Plaskett10 estimates the total mass of the galaxy to be 2.5 X 1011 suns which is considerably greater than the maximum number of stars, 3 X 1010, estimated by Seares and van Rhijn. All of these estimates are quite uncertain, but on any calculation it will not be surprising to find the dark material greater in mass than the total of the stars.
The results then of the present study are that the reddening of the B-stars confirms the conclusion that our galactic system is filled near its median plane with a layer of dark material, which reddens all stars at sufficient distances and blots out everything behind it. The presence of this dark region is alone a good reason for concluding that our own galaxy is simply one of many similar systems which we can observe. Calculated distances of objects in low galactic latitudes must be revised with allowance for absorption, and the globular clusters in the direction of the nucleus are probably all on this side of the galactic center. Finally the dark matter in our galaxy may well be greater in total mass than the luminous material which we see in the form of shining stars.
